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INTRODUCTION 

Wiitershed  managers  have  traditionally  been  concerned  with  the  quality 

of  the  waters  that  leave  a watershed.  As  man  modifies  watersheds  by  various 
\ 

land  u.se  practices,  disequilibrium  in  both  the  terrestrial  and  aquatic 
environments  occurs.  Problems  result  in  controlling  accelerated  sediment 
and  nutrient  release  from  non-point  sources  within  the  basin.  Stream 
water  samples  provide  the  investigator  with  insights  into  the  general 
health  of  the  patient.  In  an  attempt  to  reduce  watershed  degradation, 
Congress  recently  mandated  that  local  and  regional  agencies  and  authorities 
gather  and  assess  environmental  data  for  the  lands  and  waters  under  their 
jurisdiction  and  authority.  The  Federal  Water  Pollution  Control  Act 
Amendments  of  1972  (Public  Law  92M-500)  was  promulgated  to  require: 

1)  the  assessment  of  the  sources  and  extent  of  non-point  pollution,  and 

2)  the  development  of  methods  and  procedures  for  controlling  non-point 
pollution  resulting  from  agricultural  and  silvicultural  activities  (FWPCAA, 
1972)  . 

In  April,  1976,  personnel  from  the  Montana  Forest  and  Conservation 
Experiment  Station  began  a resource  inventory  in  southwest  Montana  for 
the  Bureau  of  Land  Management.  This  integrated  resources  inventory  was 
designed  by  Bureau  personnel  to  provide  environmental  data  on  watershed, 
wildlife,  and  range  resources  within  portions  of  Beaverhead,  Deer  Lodge, 
Madison  and  Silver  Bow  counties  near  Dillon,  Montana.  More  specifically, 
the  National  Resource  Lands  in  the  Rochester,  Blacktail,  Tendoy  Mountains, 
DLlluii  West,  and  (ientennial  Planning  Units  were  inventoried.  The  environ- 
ment.il  d.ita  obt.iined  is  to  be  incorporated  into  the  Bureau's 


X 


rUanning  System  and  into  the  Mountain  Foothills  Range  Environmental  Impact 


Statement. 

\ 

The  water  quality  study  of  the  above  resource  inventory  project 
included  the  monitoring  of  42  temporary  stream  sampling  stations  located 
in  16  drainage  basins  within  the  inventory  area.  Stream  discharge,  suspended 
sediment,  hydrochemical  values  and  coliform  counts  were  monitored  at  each 
sampling  station  for  the  1977  and  1978  hydrologic  years.  In  addition,  the 
macrobenthic  invertebrate  communities  at  each  station  were  sampled,  the 
results  of  which  were  reported  elsewhere.  This  volume  presents  the  results 
of  the  water  quality  study  for  the  Tendoy  Planning  Unit  which  includes 
Big  Sheep  and  Muddy  Creeks. 
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MKTHUl) 

The  basic  experimental  design  of  t lie  water  quality  study,  developed 
by  Bureau  personnel,  includes  tlie  s.impling  scheme,  field  methods,  and 
laboratory  methods.  Minor  additions  and  modifications  to  the  original 
design  were  subsequently  incorporated  into  the  study  as  field  and  laboratory 
conditions  dictated  or  permitted.  Specific  comments  on  such  alterations 
are  included. 

inventory  Design 

The  initial  phase  of  the  water  quality  study  involved  a stream  reach 
inventory  and  channel  stability  evaluation  of  each  designated  stream  reach. 
The  method  and  procedures  used  during  this  evaluation  are  outlined  in 
Pfankucli  (1975).  The  stream  reach  ratings  were  completed  during  August 
and  September,  1976. 

The  A2  stream  sampling  stations  were  established  during  September, 

1976.  The  selection  of  each  gaging  station  site  was  governed  by  criteria 
presented  in  Carter  and  Davidian  (1968).  Each  stream  sampling  station 
included  a staff  gage,  a crest-stage  gage,  and  a max-min  thermometer. 

A standard  3.3ft.  staff  gage  was  mounted  to  a fence  post  driven  into  the 
stream  bed.  A crest-stage  gage  was  constructed  of  3/A"  diameter  clear 
acrylic  tubing,  using  n.od  i f ica  t ions  of  tlie  plans  set  forth  in  Buchanan 
and  Somers  (1968).  This  gage  was  afixed  to  the  staff  gage  and  fen^e  p st. 
The  max-min  thermometer  was  bolted  w'ithin  a piece  of  PVC  pipe,  laid  on  the 
stream  bottom,  and  attaciied  by  a chain  to  a fence  post. 

In  addition,  a 15  unit  precipitation  gage  network  was  established 
in  the  spring  of  1977.  A general  purpose  rain  gage  (forester  type)  was 
installed  in  a plywood  frame  at  each  designated  sample  location  and  placed 
in  a clear,  open  site  at  a 12"  height  above  ground  level.  This  technique 
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conforms  with  Lli.it  recommended  by  i he  World  Meteorological  Organization 
(World  Meteorological  Organization,  1969,  as  cited  in  Aldridge,  1976). 

Such  a iplacement  minimizes  the  error  caused  by  wind  eddying  (Stringer, 
1972,  p.  29;  Aldridge,  1976),  and  reduces  the  probability  of  disturbance 
or  damage  by  livestock  or  vandals. 

The  stream  and  precipitation  gage  networks  were  monitored  during  the 
1977  and  1978  hydrologic  years.  The  basic  design  called  for  all  stations 
to  be  visited  on  a prescribed  schedule  of  weekly  during  peak  runoff  and 
monthly  during  low  flow.  The  field  seasons  included:  October  - November, 
1976;  February  and  April  - November,  1977;  and  March  - September,  1978. 

The  following  water  quality  parameters  were  monitored  as  applicable. 

During  each  visit;  stream  discharge,  suspended  sediment,  specific  con- 
ductance, air  temperature,  water  temperature,  max-min  water  temperature, 
and  precipitation  were  determined.  Once  a month,  a water  quality  sample 
was  taken  for  the  following  analyses;  pH,  alkalinity,  calcium,  magnesium, 
sodium,  potassium,  bicarbonate,  sulfate,  ammonia,  nitrite-nitrate,  and 
ortho-phosphate.  A second  stream  water  sample  was  obtained  for  bacterial 
analysis  to  determine  levels  of  total  and  fecal  coliforra. 

Macrobcnthic  invertebr.i te  inventories  were  also  conducted  at  each 
stream  sampling  station  during  May,  July,  and  September  of  each  hydrologic 
year.  Four  individual  square  foot  samples  for  the  smaller  streams  and 
6 samples  for  the  larger  streams  were  obtained  during  1977,  while  2 and  4 
samples  respc'C  t i ve  ly  were  obtained  for  the  streams  during  1978. 

I'ield  Metliods 


Discliarg,e  values  were  determined  by  standard  techniques  using 


procedures  described  in  Buclianan  and  Somers  ( 1968).  Stream  velocities 
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were  taken  with  a Ourley  Fyj’my  type  model  625  current  meter.  Sediment 

samples  were  obtained  with  a US  L)il-48  sed  iment  samp  I e r in  conformance  with 

procedures  .in  ('.iiy  and  Norman  (1970).  Water  temperatures  were  recorded 
\ 

from  Taylor  max-min  tliermometers . Precipitation  was  collected  in  standard 
7"  rain  gage  (forester  type).  Specific  conductance  was  measured  with  a 
Delta  Scientific  Model  1914  conductivity  meter.  Hyd rochcmical  samples 
were  collected  in  acid  washed  polyethylene  liter  bottles,  which  were  filled 
to  exclude  air,  and  stored  in  an  ice  chest  during  transport  to  the  laboratory. 
Microbiological  samples  were  collected  in  250  ml  sterilized  glass  bottles 
and  also  stored  in  the  ice  eldest.  The  macrobenthic  invertebrate  samples 
were  taken  with  a Kahlsico  stream-bed  fauna  sampler. 

Laboratory  Methods 

Immediately  upon  arrival  at  the  Dillon  laboratory,  each  sample  bottle 
was  opened  and  an  unfiltered  sample  was  analyzed  for  pH  and  alkalinity 
respectively.  The  values  obtained  closely  represent  the  values  at  the  time 
of  collection  in  the  field  (Brown.  Skougstad,  and  Fishman,  1970,  p.  129), 
while  minimizing  the  potential  for  instrument  damage  during  transport  or 
carriage  over  back  country  roads  or  trails.  This  method  has  been  adopted 
by  several  USDA  Forest  Service  jiersonnel  (Aubertin,  1974;  Snyder,  et  al., 
1975).  PH  was  measured  using  an  Orion  pH  probe  and  an  Orion  407  ion 
analyser.  Akalinity  was  then  determined  by  ])o  ten  t iome  t r ic  titration  to  a 
presc'lected  end  point  with  a standaiai  acid,  as  outlined  iii  Brown,  et  al . , 
(1970) . 

A 100  milliliter  aliquot  for  ammonia  analysis  was  then  acidified 
with  0.8  milliter  concentrated  sulfuric  acid  and  refrigerated  (American 
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public;  Heal  til  Assor.,  1976,  p.42).  The  remainder  of  each  stream  sample 
was  subseciuen  L 1 y filtered  through  a 0.45  ^ira  (micrometer)  membrane  filter 
and  fru^^en.  Meinliranc  filters  were  soaked  for  24  hours  before  using  to 
remove  any  traces  of  soluble  phosph.ite  or  nitrate  (A.P.M.A.,  1976  p.  472). 
Ammonia  samples  were  analyzed  on  an  Orion  Ammonia  electrode,  model  95-10 
(Orion  Research  Incorp.,  1974).  This  analysis  was  routinely  preformed  in 
the  Dillon  laboratory  on  the  final  day  of  field  collection. 

Upon  return  to  the  Missoula  laboratory  the  frozen  samples  were 
defrosted  for  analysis  in  the  following  order;  1)  filterable  orthophosphate; 
2)  nitrite-nitrate;  3)  sufate;  and  4)  common  metals.  Procedures  followed 
were  adapted  from  Standard  Methods  for  the  Examination  of  Water  and 
Wastewaters  (A.P.H.A,  1976),  with  the  exception  of  nitrate  which  was  taken 
from  Methods  for  Chemical  Analysis  of  Water  and  Wastes  (Environmental 
Protection  Agency,  1976).  All  colorimetric  tests  were  preformed  on  a 
dual  beam  spectrophotometer  (Beckmann  ACTA  model  111).  All  glassware  was 
acid  washed. 

The  Asorbic  Acid  method,  procedure  425F,  (A.P.H.A.,  1976)  was  used 
for  dissolved  ortliophosphate . Results  are  expressed  as  PO^-P.  Nitrite 
and  nitrate  were  determined  collectively  since  nitrite  usually  occurs  in 
insignificant  amounts  in  uncontaminated  surface  waters.  The  sum  of  the 
two  represents  total  oxidized  nitrogen  and  is  expresses  as  nitrite  plus 
nitrate-nitrogen.  The  Cadmium  Reduction  Method  (E.P.A.,  1976)  was  selected 
because  of  its  low  detection  limits  (10  yLig/1).  Sulfate  was  measured  using 
the  tu rb i d ime t r i c method,  procedure  427C,  (A.P.H.A.,  1976).  During  the 

1977  field  season  measurements  were  made  on  a spectrophotometer,  but  during 

1978  a nephelometer  (Turner  Designs,  Inc.,  model  //40)  was  used.  Both 
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nicLhocls  arc  recoiiimciuitid  in  the  proccJurc,  although  it  was  found  the 
nephelometer  increased  tlie  precision  of  the  test.  Sodium,  potassium, 
magnesium  and  calcium  were  run  in  that  order  by  .itomic  absorption  spectroscopy 
(A.F.H.A.,  197h)  using  a Varian  Tcchtron  AA-5  spectrophotometer.  Lanthanum 
chloride  solution  was  adcied  to  the  samples  for  magnesium  and  calcium  analyses 
to  prevent  anionic  interferences  (bPA,  1976).  Total  dissolved  solids  and 
bicarbonate  concentrations  were  determined  from  specific  conductance  and 
alkalinity  values  using  calculations  presented  in  Brown,  et  al.,  (1970). 

Nitrogen  levels,  ie.  ammonia  and  nitrite-nitrate,  are  consistantly  at 
the  minimum  detection  limit  of  the  analysis.  Ammonia  levels  are  particularly 
suspect  owing  to  the  limitations  of  the  instrument  and  the  technique  for 
the  analysis.  In  interpreting  results  of  ammonia  analysis;  a presence  or 
absence  of  detectable  ammonia  approach  should  be  used.  Thus  high  levels 
of  ammonia  indicate  that  a source  of  ammonia  is  present  in  addition  to 
those  wliich  are  naturally  occurring.  Such  levels  are  usually  transitory 
and  may  vary  in  order  of  magnitude.  Nitrite  - nitrate  values  are  also 
near  the  minimum  detection  limit;  however,  the  nature  of  this  analysis 
yields  more  precise  results.  These  values,  as  a whole,  tend  to  be  generally 
lower  than  those  expected  under  the  environmental  conditions  encountered. 

Low  phosphate  values  are  to  be  expt'cted  and  were  confirmed  by  this  study. 

The  method  for  phospliate  analysis  select  ed  is  the  proc:edure  generally 
used  wlien  working  in  tins  low  range  of  values.  The  other  ions,  ie.  sulfate 
and  the  common  metals,  tended  to  be  present  in  sufficient  quantities  so 
tliat  n('  i)roblems  were  encountered  owing  to  tlie  sensitivity  of  the  analyses. 

Water  samples  for  microbiological  examination  were  analyzed  within 
six  hours  of  collection  (Millipore,  1975a).  Fecal  coliform  were  cultured, 
identified,  and  enunu'ioted  throughout  the  study  by  the  membrane  filter 
method  described  by  Millipore  (1975b).  Total  coliform  bacteria  were  cultured. 
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idonLifiecl,  and  cMiumcruLed  by  Lhf  m>?mbrane  filter  method  (Millipore,  1975a  , 
but  with  the  modifications  outlined  below. 

Iota L CO  1 i f orm  data  for  1 977  were  determined  by  counting  the  number 
of  wet  colonies  that  exhibited  a visible  green  metallic  sheen,  either  to 
the  naked  eye  or  at  1 . 5x  magnification.  Millipore  (1975a)  recommends  the 
use  of  a lOx  magnification  dissecting  microscope  and  that  the  colonies  be 
dry.  Geldreich  (1975),  however,  indicates  that  there  is  no  significant 
advantage  to  drying  the  colonies  before  counting.  Without  the  lOx 
magnification,  liowever  it  is  probable  that  colonies  growing  close  together 
were  mistaken  as  being  one  colony,  and  colonies  having  a weak  metallic 
sheen  were  not  counted  at  all.  This  procedure  would  result  in  data  that 
would  underestimate  the  number  of  total  coliform  colonies  present. 

A modification  of  the  membrane  filter  method  was  adopted  in  1978  to 
minimize  the  problem  of  underestimating  the  total  coliform  colonies.  In 
the  previous  year,  only  the  wet  colonies  exhibiting  a distinct  green 
metallic  sheen  were  designated  as  coliform  bacteria  (Millipore,  1975a), 
while  those  wot  colonies  having  a "non-sheen”  red  color  darker  than  the 
medium-permeated  background  had  not  been  counted.  The  degree  of  pigmentation 
and  sheen  develo[)ment  of  coliform  colonies  grown  on  M-Endo  medium,  however, 
is  variable  according  to  both  species  and  biotype.  Furthermore,  the 
identification  critc'ria,  i.e,  colonies  having  a green  iridescence  or 
metallic  sheen,  is  luglily  subjective  and  may  vary  from  technician  to 
technician.  Thus,  some  autliors  admit  that  "questionable  colonies"  may 
occur  which  need  more  technical  procedures  for  verification.  One  such 
procedure  is  to  inocuKilo  questionable  colonies  into  a lactose  broth, 
incub. ite  at  35°(M  for  48  hours,  and  determine  whether  gas  and  acid  have 
been  produced  (('-e  1 d re  i cii , 1975). 
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Using  the  nt)ovt>  technique,  un  estimate  of  I he  fraction  of  quest  ionabi 
colonies  was  determined  for  which  the  lactose  test  was  positive.  After 

testing  a series  of  26  non-sheen,  red  colonies  representing  a variety  of 

\ 

recognizable  colonial  morphotypes  from  several  different  stations,  69  percent 
were  found  to  be  lactose  positive  within  48  hours.  Additionally,  16  percent 
of  all  dark  red  colonies  found  on  369  membrane  filter  samples  exhibited 
a characteristic  green  sheen.  It  was  thus  estimated  that  approximately  75 
percent  of  all  red  colonies  darker  than  their  membrane  filter  background 
conformed  to  either  the  green-sheen  or  lactose-test  definitions  of  coliform 
bacteria.  During  the  1978  field  season,  all  red  colonies,  sheen  and  non- 
sheen darker  than  their  membrane  filter  background  that  were  detected 
with  the  use  of  lOx  magnification  dissecting  microscope  were  counted  as 
total  coliform.  This  procede.re  had  ttie  potential  of  overestimating  the 
bacterial  count  by  approximately  30  percent.  It  should  be  emphasized, 
however,  that  bacterial  counts  are  ncit  absolute  values,  but  only  estimates 
of  magnitudes.  Celdreich  (1966,  p.35)  evaluated  the  total  coliform  bacteria 
for  40  samples  using  both  the  membrane  filter  method  and  the  "most  probable 
number"  method.  The  ratio  of  their  results  varied  from  a minimum  of  0.42 
to  a maximum  of  2.52  respectively. 

Tabulated  total  and  fecal  coliform  data  for  this  study  are  expressed 
as  arithmetic  means  of  cither  two  or  three  replicated  subsaraples.  Although 
the  total  coliform  levels  for  the  1977  field  season,  i.e.  May  through 
November,  1977,  are  underestimated,  the  fecal  coliform  data  for  the  two 


years  are  commensurate. 
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Analytical  I!nLhocls 

Stream  discharge  values  were  determined  from  field  data  with  the  use 
of  a conxjiut'er  prcigr.im  based  upon  tlie  procedure  outlined  in  Buchanan  and 
Somers  (1969).  Tlicse  measured  discharge  values  were  then  used  to  generate 
a s ta f f -d i sc  ha rge  rating  curve  for  each  station  using  a linear  regression 
program.  In  several  instances,  two  rating  curves  were  produced.  Instant 
and  crest  stage  discharge  values  for  the  two  water  years  were  then  estimated 
from  the  respective  staff-discharge  rating  curves. 

The  annual  hydrograph  and  sediment  loading  graphs  were  plotted  with  a 
computer  using  field  data.  Missing  data  points,  i.e.  winter  months,  were 
estimated  using  available  stream  flow,  precipitation,  and  sediment  con- 
centration data.  Estimates  of  annual  water  yield  and  annual  sediment  yield 
were  generated  by  a modification  of  the  computer  program  used  to  determine 
stream  discharge.  In  a few  instances,  unusually  high  or  questionable 
sediment  concentration  values,  apparently  caused  by  cattle  present  within 
the  stream  environs  at  the  time  of  sampling  or  by  samj^ling  or  analytical 
error,  represented  long  sampling  periods,  i.e.  30  days.  Where  such  conditions 
occurred,  an  estimated  "corrected"  level  was  substituted  inorder  to  generate 
a more  approximate  determination  of  the  annual  sediment  yield.  The 
relationships  between  measured  values  of  suspended  sediment  vs  stream 
discharge  and  specific  conductance  vs  stream  discharge  were  determined  by 


linear  regression  and  plotted  using  the  computer  programs. 
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STUDY  ARKA 

\ 

Beaverl\e.')d  Coi inty,  Mcjntana 

Beaverhead  County  is  located  in  the  southwestern  corner  of  Montana 
immediately  southwest  of  Butte.  Almost  the  entire  county  lies  above  5,000 
feet  and  is  encircled  on  the  north,  west,  and  south  by  the  Continental 
Divide.  The  area  is  characterized  by  broad  grassland  and  sagebrush  covered 
valley  bottoms  and  river  terraces,  while  the  flanks  of  the  numerous  mountain 
ranges  grade  into  forest  lands.  The  westernmost  headwaters  of  the  Missouri 
River  drain  the  county  to  the  northeast  via  the  Big  Hole  and  Beaverhead 
rivers.  The  forested  mountain  areas  are  generally  administered  by  the 
Beaverhead  National  Forest  of  the  USDA,  Forest  Service;  the  lower  mountain 
slopes  and  terrace  lands  are  managed  by  the  Department  of  Interior's  Bureau 
of  Land  Management;  while  the  valley  bottoms  are  mainly  in  private  holdings. 
The  land  resources  of  the  county  are  primarily  allocated  to  the  raising  of 
livestock,  although  lumbering,  mining  and  recreation  constitute  secondary, 
but  significant  land  uses. 

The  Bureau  of  Land  Management's  district  office  is  located  in  the 
county  seat  of  Dillon.  The  county  contains  a number  of  planning  units 
administered  by  the  Bureau.  The  Tendoy  Planning  Unit  lies  in  the  southwestern 
portion  of  the  county  and  includes  the  Big  Sheep  Creek  and  Muddy  Creek 
sample  watersheds. 


Big  Sheep  Creek  Basin 

The  Big  Sheep  Creek  sample  watershed  (Figure  1)  includes  approximately 
182,700  acres  and  contains  the  Lower  Big  Sheep,  Middle  Big  Sheep.  Upper  Big 
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Ik'averhcad  County,  Mont.ina. 
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Big  Sheep,  Lower  Muddy  and  Upper  Muddy  sampling  stations.  This  pred<*rainai  . 

east  to  southeast  oriented  watershed  includes  a large  broad  upper  basin,  a 
\ 

well  as  the  distinctive  Muddy  Creek  sample  watershed  desc i rbed  separately 
below.  Local  relief  ranges  from  approximately  6,250  feet  at  the  Lower  'ta’i-a 
Loi)ver  11,100  feet  elevation  in  the  high  peaks  along  the  Continental  Divide 
to  the  southwest.  The  Upper  Big  Sheep  Creek  basin  is  a complex  of  sedimentary 
and  metasedimentary  materials,  both  calcareous  and  non-calcareous ; meta- 
morphics;  Tertiary  volcanics  and  pyrocl ast ics ; Tertiary  sediments;  and 
Quaternary  glacial  drift.  The  lower  portion  of  the  basin  is  confined  within 
a relatively  narrow  valley,  often  flanked  by  steep  limestone  cliffs.  The 
soils  within  the  watershed  include  entisols,  inceptisols,  and  mollisols, 
as  well  as  extensive  talus  slopes  and  rock  outcrops.  The  valley  bottom  lands 
and  lower  terraces  and  hills  contain  grassland  and  sagebrush  communities, 
while  the  mountains  are  forested.  Many  of  the  higher  mountains  extend  above 
the  treeline.  Approximately  60  percent  of  the  basin  is  managed  by  the 
Beaverhead  National  Forest,  25  percent  by  the  Bureau  of  Land  Management, 

15  percent  is  in  private  holdings,  and  less  than  5 percent  is  State  land. 

The  valleys  and  lower  slopes  are  used  primarily  for  livestock  grazing, 
while  the  major  stream  and  uplands  are  prime  recreational  areas. 

Lower  Big  Sheep  Station 

The  Lower  Big  Sheep  station  No,  20  is  located  in  the  southwest 
portion  of  Section  30,  Township  13S,  Range  9W  (Figure  2),  approximately 
100  yards  upstream  from  the  cattle  gu.ird , This  location  is  found  on  the 
Dixon  Mountain,  Montana  7.5  Series  U.S.  Geological  Survey  Topographic 
Quadrangle.  The  station  is  depicted  as  site  No.  20  on  aerial  photo  No. 
11-124-29  of  this  resource  inventory  report,  and  is  shown  on  stream  station 
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pfiotos  no.  20A  and  no,  20B.  The  station  is  located  at  6,230  ft.  elevation. 
The  watershed  above  the  station  contains  approximately  182,720  acres,  has 
a local  rc'l  ief  of  4,640  feet,  and  is  oriented  to  the  oas t -sout heast  . 

Middle  Big  Sheep  Station 

The  Middle  Big  Sheep  station  No.  19  is  located  in  the  southwest  portion 
of  Section  35,  Township  13S,  Range  lOW  (Figure  2),  at  the  U.S.G.S.  stream 
gauging  station.  This  location  is  found  on  the  Dixon  Mountain,  Montana 
7.5  Series  U.S.  Geological  Survey  Topographic  Quadrangle.  The  station  is 
depicted  as  site  No.  19  on  aerial  photo  No.  11-124-31  of  this  resource 
inventory  report,  and  is  shown  on  stream  station  photo  no.  19A.  The 
station  is  located  at  6,400  ft.  elevation.  The  watershed  above  the  station 
contains  approximately  175,360  acres,  has  a local  relief  of  4,370  feet,  and 
is  oriented  to  the  east-southeast. 

Upper  Big  Sheep  Station 

The  Upper  Big  Sheep  station  No.  16  is  located  at  the  east  central 
portion  of  Section  10,  Township  15S,  Range  lOW  (Figure  2),  approximately 
200  yards  downstream  from  the  bridge.  The  original  station  was  located 
on  the  downstream  side  of  the  bridge.  This  location  is  found  on  the  Caboose 
Canyon,  Montana  7.5  Series  U.S.  Geological  Survey  Topographic  Quadrangle. 

The  station  is  depicted  as  site  No.  16  on  aerial  photo  No.  14-126-102  of 
this  resource  inventory  report,  and  is  shown  on  stream  station  photos  no. 

16A  and  no.  16B.  The  station  is  located  at  6,720  ft.  elevation.  The 
watershed  above  the  station  contains  approximately  115,900  acres,  has  a 
local  releif  of  4,050  feet,  and  is  oriented  to  the  east. 
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The  Upper  Big  Sheep  prec ip i tat icn  station  No.  16G  is  located  in  the 

central  portion  of  Section  10,  Township  15S,  Range  lOW  (Figure  2).  The 
\ 

gauge  is  approximately  500  yards  upstream  from  the  bridge  on  the  north 
side  of  the  creek  across  from  Deadman  Creek.  The  station  is  depicted  as 
site  No.  160  on  aerial  photo  No.  14-126-102  of  this  resource  inventory 
report . 


Muddy  Creek  Basin 

The  Muddy  Creek  sample  watershed  (Figure  3 ) is  a tributary  basin  of 
the  Big  Sheep  Creek  watershed.  This  southeast  oriented  basin  contains 
approximately  39,  400  acres  and  includes  the  Lower  Muddy  and  Upper  Muddy 
sampling  stations.  Moderate  to  steep  mountain  slopes  descend  to  a series 
of  lower  hills  and  dissected  terraces  enclosing  a relatively  wide  flood- 
plain.  Local  relief  in  the  basin  ranges  from  approximately  6,450  feet 
to  almost  9,600  feet  elevation.  The  basin  is  composed  of  sedimentary 
materials  including:  limestones;  Tertiary  volcanics  and  py roc  last  ics . and 
Tertiary  and  Quaternary  sediments.  Entisols  and  inceptisols  dominate  the 
mountain  slopes,  while  mollisols  characterize  the  sage-grassland  lower 
slopes,  terraces,  and  valleys.  The  floodplain  soils  are  primarily  heavy 
smectite  clay  soils  derived  from  Tertiary  pyroclastics  and  give  the  Muddy 
Creek  basin  its  character  and  name.  Approximately  45  percent  of  the  wa-ershod 
is  administered  by  the  Beaverhead  National  Forest,  45  percent  by  the  Bureau 
of  Land  Management,  and  nearly  5 percent  each  is  State  and  private  land. 

The  predominant  use  in  the  basin  is  livestock  grazing. 

Lower  Muddy  Station 

The  Lower  Muddy  station  No.  18  is  located  in  the  northeast  portion  of 


Section  10,  Township  14S,  Range  lOW  (Figure  4),  approximately  15  yards 
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Figure  4,  Location  of  Muddy  Creek  Sampling  Stations. 
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upstream  from  where  the  creek  crosses  under  the  Big  Sheep  Creek  road.  The 
original  station  was  located  immediately  on  tlie  upstream  side  of  the  road. 

X 

This  location  is  found  on  the  Dixon  Mountain,  Montana  7.5  Series  U.S. 

Geological  Survey  Topographic  Quadrangle.  The  station  is  depicted  as  site 
No.  18  on  aerial  photo  No.  11-125-83  of  this  resource  inventory  report, 
and  is  shown  on  stream  station  photos  no.  18A  and  no.  18B.  The  station  is 
located  at  6,440  ft.  elevation.  The  watershed  above  the  station  contains 
approximately  39,360  acres,  has  a local  relief  of  3,150  feet,  and  is 
oriented  to  the  south-southeast. 

Upper  Muddy  Station 

The  Upper  Muddy  Creek  station  No.  17  is  located  in  the  west  central 
portion  of  Section  33,  Township  13S,  Range  lOW  (Figure  4),  approximately 
5 yards  below  fence  line  which  crosses  both  the  creek  and  road.  This 
location  is  found  on  the  Dixon  Mountain,  Montana  7.5  Series  U.S.  Geological 
Survey  Topographic  Quadrangle.  The  station  is  depicted  as  site  No.  17  on 
aerial  photo  No.  11-124-31  of  this  resource  inventory  report,  and  is  showTi 
on  stream  station  photos  no.  7A  and  no.  7B.  The  station  is  located  at 
6,610  ft.  elevation.  The  watershed  above  the  station  contains  approximately 
28,350  acres,  has  a local  relief  of  3,000  feet,  and  is  oriented  to  the 
south-southeast . 

The  Upper  Muddy  precipitation  station  No.  17G  (Figure  4)  is  located 
in  the  east  central  portion  of  Section  33,  Township  13S,  Range  lOW  approximate! 
50  yards  due  west  of  station  on  the  north  side  of  the  fence.  The  station 
is  depicted  as  site  No.  17G  on  aerial  photo  No.  11-124-31  of  this  resource 


inventory  report. 
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RESULTS  AND  DISCUSSION 

The  ^results  of  the  water  quality  survey  of  the  Big  Sheep  and  Muddy 
sample  basins  of  the  Tendoy  Planning  Unit  are  summarized  and  briefly 
discussed  below.  The  basic  data  for  each  station  is  found  in  the  Appendix 
of  this  volume. 


Big  Sheep  Creek  Basin 

The  Big  Sheep  Creek  sample  basin  was  visited  a total  of  17  and  20 
times  during  the  two  hydrologic  years.  There  were  no  specific  accessibility 
problems  but  residual  channel  ice  and  high  flows  made  sampling  difficult  on 
several  occasions  at  the  Upper  Big  Sheep  sampling  station.  This  station 
was  visited  15  and  19  times  respectively. 

Channel  Stability  Ratings 

Big  Sheep  Creek  was  evaluated  independently  by  Bureau  personnel, 
their  channel  stability  ratings  are  not  included. 

Precipitation 

Precipitation  was  measured  at  the  Upper  Big  Sheep  precipitation  station 
from  April  21  through  October  15,  1977  and  from  April  4 through  September 
11,  1978.  The  general  precipitation  patterns  during  these  two  fiscal  years 
are  compared  to  those  of  the  Dillon  and  Lima  weather  stations  (Figure  5) . 
Apparently  1977  was  the  wetter  of  the  two  field  seasons  owing  to  the  in- 
creased precipitation  during  both  May  and  July. 
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Strejam  Discharge 

The  Middle  Big  Sheep  station  was  monitored  by  the  U.S.  Geological 
Survey,  the  staff-discharge  rating  curve  for  the  Upper  Big  Sheep  sampling 
station  is  presented  in  Figure  6.  The  gauging  site  was  moved  from  the 
bridge  downstream  to  a more  accessible  and  ice  free  location  after  the  first 
sampling  year. 

The  1977  and  1978  annual  hydrographs  for  the  Lower  and  Middle  Big 
Sheep  stations  are  combined  (Figures  7 and  8)  owing  to  the  fact  that  they 
were  compiled  from  data  supplied  by  the  U.S.  Geological  Survey  for  their 
stream  gauging  station  at  the  Middle  Big  Sheep  site.  An  early  peak  of  139 
cfs  occurred  in  mid-April,  1977,  followed  by  the  seasonal  peak  of  234  cfs 
in  early  to  mid-June.  Lowest  flow  was  40  cfs  in  mid-July.  In  1978,  an 
early  peak  of  130  cfs  was  followed  by  a moderate  seasonal  peak  of  151  cfs 
in  mid-June.  The  seasonal  low  flow  of  34  cfs  for  the  year  occurred  during 
the  previous  November.  The  Upper  Big  Sheep  station  exhibited  quite  similar 
patterns  (Figures  9 and  10).  An  initial,  but  delayed  peak  of  97  cfs  occurred 
in  late  April  to  be  followed  by  the  season  peak  in  June  estimated  to  be  in 
excess  of  122  cfs.  Lowest  recorded  flow  was  7 cfs  in  late  September.  An 
early  peak  flow  of  67  cfs  was  monitored  during  the  end  of  March,  1978,  and 
was  followed  by  the  seasonal  flood  of  approximately  182  cfs  in  mid-June, 
Seasonal  low  flow  was  21  cfs  in  mid-late  April.  The  differences  noted  ■’’n 
flow  patterns  for  the  two  hydrologic  years  are  primarily  attributed  to 
differences  in  annual  precipitation  patterns  and  to  seasonal  snow  melt 
patterns . 

The  respective  annual  hydrograph  data  were  used  to  estimate  the  annual 
water  yields  for  the  Big  Sheep  Creek  stations  (Table  1).  The  data  indicate 
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Stream  Discharge  (cfs) 


Figure  6.  Staff-discharge  Rating  Curve  for  Upper  Big  Sheep 
Sampling  Station. 
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FIGURE  7.  ANNUAL  HYDROGRAPH  AND  SEOIHEM  LOADINGS 
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FIGURE  9.  »NNUAL  HYDR3GRAPH  AND  SEDIMENT  LOADINGS 
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Table  1.  Estimated  Water  and  Sediment  Yields  for  Big  Sheep  Creek  Basin,  1977  - 1978. 
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water  yields  of  approximately  50,200  acre  feet  and  46,300  acre  feet  for  the 

lower  stations  and  31,500  acre  feet  and  24,700  acre  feet  for  the  Upper 

\ 

station.  The  estimates  for  the  lower  stations  compare  favorably  with 
those  generated  by  the  U.S.  Geological  Survey,  i.e.  43,480  acre  and  46,000 
acre  feet.  Differences  between  the  two  sets  of  data  are  attributed  to 
differences  in  the  sampling  schedules. 

Suspended  Sediment 

The  annual  patterns  of  sediment  concentrations  for  each  station  by 
hydrologic  year  are  depicted  in  Figures  7-10.  Suspended  sediment  samples 
for  the  lower  stations  were  collected  by  U.S.  Geological  Survey  personnel 
at  the  Deadman  Gulch  bridge  approximately  1 1/2  miles  downstream  from  the 
Middle  Big  Sheep  sampling  station.  Suspended  sediment  concentrations  at 
the  lower  stations  ranged  from  13  ppm  at  low  flow  to  589  ppm  at  high  flow, 
while  those  for  the  Upper  station  ranged  from  9 ppm  to  242  ppm.  The 
relationships  between  suspended  sediment  and  stream  discharge  for  each 
station  were  statistically  significant,  and  are  presented  in  Figures  11 
and  12.  The  variability  in  sediment  concentration  with  stream  flow  is 
partially  attributed  to  a seasonal  effect,  specific  storm  effects,  and  to 
the  hysteresis  effect,  whereby  peak  concentrations  of  suspended  sediment 
generally  occur  prior  to  peak  runoff  during  the  rising  stage  (Gregory  a-'d 
Walling,  1973,  pp.  215-219).  Annual  sediment  yields  were  estimated  only 
for  the  Upper  Big  Sheep  station  from  respective  water  yield  and  sediment 
concentration  data  (Table  1).  The  Upper  Big  Sheep  basin  produced  approximate! 
2,590  tons  and  1,430  tons  of  suspended  sediment  respectively  during  the  two 
sample  years.  The  difference  between  the  two  years  is  largely  attributed 
to  differences  in  flow  regime. 
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Hydrochemical  Parameters 

The  concentration  of  dissolved  solids  is  inversely  related  to  stream 
discharge  so  that  lower  concentrations  occur  during  periods  of  high  runoff, 
while  higher  concentrations  are  found  during  periods  of  low  summer  base  flow 
(Gunnerson,  1967;  Gregory  and  Walling,  1973,  pp.  219-225).  Patterns  for 
specific  ions,  especially  the  ecologically  Important  ones,  often  vary  from 
this  generalization  (Likens,  et  al.,  1977,  pp.  74-76). 

Specific  conductance  for  the  Lower  Big  Sheep  station  ranged  from  a low 
of  440  ;jmhos  to  a high  of  675  ;imhos,  from  430  pmhos  to  680  ^imhos  for  the 
Middle  Big  Sheep  station,  and  from  390  ;jmhos  to  a high  of  760  ^mhos  for  the 
Upper  station.  The  relationships  between  specific  conductance  and  stream 
discharge  for  the  Lower  and  Middle  Big  Sheep  stations  were  statistically 
significant  and  are  presented  in  Figures  13  and  14.  This  relationship  for 
the  Upper  Big  Sheep  station,  however,  was  not  significant  (Figure  15). 
Variation  in  specific  conductance  with  stream  discharge  is  partially 
attributed  to  seasonal  and  storm  hysteresis  effects  (Gregory  and  Walling, 
pp.  219-225).  The  ranges  in  ionic  concentrations  for  specific  ions  are 
presented  in  Table  2. 

Bacteria  Levels 

The  concentration  of  fecal  and  total  coliform  in  streams  draining 
rangeland  watersheds  is  directly  related  to  the  number  of  cattle  present, 
their  access  to  the  stream,  the  physical  and  hydrological  characteristics 
of  the  basin,  local  weather  conditions  (Kunkle,  1970;  Stephensen  and  Street, 
1978),  and  the  time  of  day  (Kunkle  and  Meiman,  1968).  Seasonal  patterns 
include  a spring  "flushing”  effect  during  the  rising  stage  (Kunkle  and 
Meiman,  1968),  with  high  counts  during  the  low  flow  summer  period,  counts 
which  often  continue  for  some  period  after  the  cattle  have  been  removed  from 
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Table  2.  Ranges  in  Hydrochemical  Parameters 

for  Big 

Sheep 

Creek,  1977 

- 1978. 

Lower 

Middle 

Upper 

Big  Sheep 

Big 

Sheep 

Big 

Sheep 

Station 

Stat  Lon 

Station 

pH 

8.05  - 8.40 

7.89 

- 8.39 

7.91 

- 8.43 

Alkalinity  (CaCO^)  (mg/1) 

152  - 209 

151 

- 217 

163 

- 276 

Specific  Conductance  (umhos) 

440  - 675 

430 

- 680 

390 

- (760) 

Total  Dissolved  Solids  (mg/1) 

286  - 439 

280 

- 442 

254 

- (494) 

Ca 

(mg/1) 

61  - 104 

53 

- 105 

43 

- 95 

Mg 

(mg/1) 

19  - 35 

15 

- 35 

12 

- 25 

Na 

(mg/1) 

14  - 29 

14 

- 26 

21 

- 51 

K 

(mg/1) 

1.4  - 3.4 

1.3 

- 4.0 

0.97 

- 5.3 

HCO 

(mg/1) 

185  - 254 

184 

- 265 

181 

- 337 

so/ 

4 

(mg/1) 

62  - 231 

91 

- 204 

28 

- (143) 

NH 

(mg/1) 

< .01  - (.30) 

-^.01 

- .10 

^.01 

- .08 

NO^ 

+ NO  - N (mg/1) 

^ .01  - .09 

^1.01 

- .12 

^.01 

- .11 

^0 

(Ortno)  - P (mg/1) 

T - .034 

T 

- .020 

.002 

- .081 
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the  area  (Stephensen  and  Street,  1978).  This  seasonal  pattern  may  briefly 
be  modified  by  local  storms  which  produce  their  own  "flushing"  effect,  and 
which  may  or  may  not  be  followed  by  a short  term  dilution  period. 

The  concentrations  of  fecal  coliform  for  the  Big  Sheep  Creek  sampling 
stations  for  the  study  period  are  presented  in  Table  3.  Higher  values 
occurred  during  the  grazing  season,  but  the  patterns  were  not  consistent. 
Maximum  fecal  coliform  levels  were  140,  628,  and  245  colonies/ 100  mis 
respectively  for  each  station.  None  of  the  sample  coliform  counts  exceeded 
the  200  colony/100  ml  limit  of  the  Montana  Water  Quality  Criteria  for  the 
Lower  Big  Sheep  station,  while  8 percent  of  the  Middle  station,  and  17 
percent  of  the  Upper  station  counts  were  in  excess.  Low  values  were 
associated  with  the  spring  season. 

Comments 

The  Big  Sheep  Creek  basin  is  a geologically  complex  unit.  The  limestone 
components  contribute  warm  spring  waters  that  are  high  in  calcium,  magnesium, 
and  carbonate.  Evidence  indicates  that  Muddy  Creek  also  contributes  high 
sulfate  concentraions  to  the  stream.  Increases  in  discharge  alone  are  not 
well  correlated  to  a decrease  in  total  solute  concentrations,  indicating 
that  other  factors  are  operative.  There  is  insufficient  evidence  of  livestock 
concentrations  arid  movements  within  the  basin  to  specifically  demonstrate  thei 
influence  on  fecal  coliform  levels.  Because  of  the  limited  number  of  samples 
taken  and  the  nature  of  the  hydrochemical  characteristics  sampled,  relation- 
ships between  the  water  quality  characteristics  of  Big  Sheep  Creek  and 
the  Montana  Water  Quality  Criteria  cannot  be  addressed. 
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Table  3.  Fecal  Coliform  Counts  (colonies/ 1 00  mis)  for  Big  Sheep  Creek, 
1977  - 1978. 


Lower 

Big  Sheep 

Stat ion 

Middle 

Big  Sheep 

Stat ion 

Upper 

Big  Sheep 
Station 

1977  - 1978 

1977  - 1978 

1977  - 

1978 

April 

— 

— 

— 

May 

72  1 

2 1 

2 

1 

June 

16(?)  26 

18(?)  43 

10(?) 

101(?) 

July 

1A0(?)  20 

628(?)  57 

2(?) 

243* 

August 

5(?)  30 

3*  13 

5(?) 

10(?) 

September 

20(?)  37 

12(?)  78 

28(?) 

245(?) 

October 

3(?) 

3(?) 

6(?) 

November 

^2(?) 

^2(?) 

4(?) 

* Stock 

visually  present 

(?)  Stock 

presence  uncertain 
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Muddy  Creek  Basin 

The  I-ower  Muddy  Cri't'k  saini)le  basin  was  visited  a total  ol  17  and  ?0  times 
during  the  two  hydrologic  years.  There  were  no  specific  accessibility 
problems;  however,  residual  channel  ice  made  sampling  difficult  during  early 
1977.  The  Upper  Muddy  station  was  monitored  15  and  19  times  respectively. 

I 

Channel  Stability  Ratings 

Muddy  Creek  was  evaluated  on  August  16,  1976.  The  lower  portion 
of  Muddy  Creek  between  its  mouth  to  below  the  confluence  of  Muddy  and 
McNinch  creeks  was  rated  as  ’poor*  (125)  (Table  4),  while  the  upper  portion 
extending  the  Beaverhead  National  Forest  boundary  was  rated  as  'fair'  (103) 
(Table  5). 

Precipitation 

Precipitation  was  measured  at  the  Upper  Muddy  precipitation  station 
from  April  21  through  November  10,  1977  and  from  April  4 through  September 
15,  1978.  The  general  precipitation  patterns  during  these  two  fiscal  years 
are  compared  to  those  of  the  Dillon  and  Lima  weather  stations  (Figure  16) . 
Apparently  1977  was  the  wetter  year  for  the  Upper  Muddy  station  owing  to 
the  heavy  precipitation  peaks  during  May  and  July. 

Stream  Discharge 

The  staf f- discharge  rating  curves  for  the  Lower  Muddy  and  Upper  Muddy 
sampling  stations  are  presented  in  Figures  17  and  18.  The  Upper  Muddy 
station  remained  nearly  stable  during  the  two  sampling  years.  The  Lower 
Muddy  station  was  moved  after  1977  because  of  residual  ice  conditions  and 


its  unstable  channel  cross  section. 
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Figure  17.  Staff-discharge  rating  Curve  for  Lower  Muddy  Sampling 
Station. 
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Figure  18.  Staff-discharge  Rating  Curve  for  Upper  Muddy  Sampling 
Station. 
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The  1977  and  1978  annual  hydrographs  for  the  Lower  Muddy  and  Upper 
Muddy  Creek  sampling  stations  are  presented  in  Figures  19-22.  Peak  flow 
during  1^77  at  the  Lower  Muddy  station  apparently  occurred  in  early  April 
during  an  unusually  warm  period.  This  peak  of  13  cfs  was  monitored  above 
and  below  channel  ice.  A higher  flow  may  also  have  occurred  during  this 
period.  A secondary  peak  of  8.1  cfs  was  noted  in  early  June.  The  lowest 
recorded  flow  was  1.3  cfs  during  the  previous  October.  The  1978  year 
produced  an  early  peak  flow  of  3.9  cfs  in  early  April  which  preceeded  the 
seasonal  peak  discharge  of  approximately  5.0  cfs  in  late  May.  The  lowest 
recorded  flow  for  1978  was  1.0  cfs  in  mid-July.  An  estimated  peak  discharge 
of  5.1  cfs  was  noted  at  the  Upper  Muddy  station  in  mid-April,  1977,  although 
a higher  flow  may  have  occurred  previously.  A second  peak  of  5.3  cfs 
followed  in  late  May.  The  lowest  recorded  flow  for  the  year  was  1.3  cfs  in 
late  September.  In  1978,  an  annual  peak  flow  of  3.3  cfs  was  estimated  for 
late  May,  while  the  lowest  flow  was  recorded  at  0.90  cfs  in  the  mid-April 
and  late  September.  The  differences  noted  in  flow  patterns  for  the  two 
hydrologic  years  are  largely  attributed  to  differences  in  the  annual 
precipitation  and  seasonal  snow  melt  patterns. 

The  respective  annual  hydrograph  data  were  used  to  estimate  the  annual 
water  yields  for  each  station  (Table  6).  During  the  wetter  1977  hydrologic 
year,  the  estimated  yield  for  the  Upper  Muddy  station  was  comparable  t 
that  of  the  Lower  Muddy  station.  These  values  approximated  1,570  acre 
feet.  During  1978,  however,  the  Lower  Muddy  station  was  estimated  to  have 
yielded  1,260  acre  feet,  as  opposed  to  only  940  acre  feet  for  the  Upper  Muddy 
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FIGURE  21.  annual  hydpocraph  and  sediment  loadings 
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Table  6.  Estimated  Water  and  Sediment  Yields  for  Muddy  Creek  Sample  Basin,  1977  - 1978. 
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ThoBc*  differences  are  primarily  attributed  to  differences  in  the  fall  and 

winter  flow  regimes  at  the  Upper  station  for  the  two  sample  years  and  to 

\ 

the  timing  of  the  sampling  visits. 

Suspended  Sediment 

The  annual  patterns  of  sediment  concentrations  for  each  station  by 
hydrologic  year  are  depicted  in  Figures  19-22.  Suspended  sediment  concentrations 
at  the  Lower  Muddy  station  ranged  from  44  ppm  at  low  flow  to  5,680  ppm  at 
high  flow,  while  those  for  the  Upper  Muddy  station  ranged  from  37  ppm  to 
1,060  ppm.  The  relationships  between  suspended  sediment  and  stream  discharge 
for  each  station  were  statistically  significant,  and  are  presented  in  Figures 
23  and  24.  The  variability  in  sediment  concentration  with  stream  flow  is 
partially  attributed  to  a seasonal  effect,  specific  storm  effects,  and  to 
the  hysteresis  effect,  whereby  peak  concentrations  of  suspended  sediment 
generally  occur  prior  to  peak  runoff  during  the  rising  stage  (Gregory  and 
Walling,  1973,  pp.  215-219).  Annual  sediment  yields  for  the  two  sample 
stations  were  estimated  from  respective  water  yield  and  sediment  concentration 
data  (Table  6) . The  Lower  and  Upper  Muddy  stations  produced  approximately 
1,150  tons  and  460  tons  of  suspended  sediment  respectively  during  1977. 

These  yields  decreased  to  370  tons  and  163  tons  for  the  less  active  1978 
hydrologic  year. 

Hydrochemical  Parameters 

The  concentration  of  dissolved  solids  is  inversely  related  to  stream 
discharge  so  that  lower  concentrations  occur  during  periods  of  high  runoff, 
while  higher  concentrations  are  found  during  periods  of  low  summer  base  flow 
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((winnc-rson , 1967;  (Jregory  and  Walling,  1973,  pp.  219-225).  Patterns  for 
specific  tons,  especially  the  ecologically  important  ones,  often  vary  from 
this  gen’feralization  (Likens,  et  al . , 1977,  pp.  74-76). 

Specific  conductance  for  the  Lower  Muddy  station  ranged  from  a low  of 
605  ^mhos  to  a high  of  1625  pmhos,  while  the  Upper  Muddy  station  ranged 
from  575  pmhos  to  a high  of  1320  jjmhos.  The  relationships  between  specific 
conductance  and  stream  discharge  for  each  station  were  not  statistically 
significant  (Figures  25  and  26).  Variation  in  specific  conductance  with 
stream  discharge  is  partially  attributed  to  seasonal  and  storm  hysteresis 
effects  (Gregory  and  Walling,-  1973,  pp.  219-225).  The  ranges  in  ionic 
concentration  for  specific  ions  are  presented  in  Table  7. 

Bacteria  Levels 

The  concentration  of  fecal  and  total  coliform  in  streams  draining 
rangeland  watersheds  is  directly  related  to  the  number  of  cattle  present, 
their  access  to  the  stream,  the  physical  and  hydrological  characteristics 
of  the  basin,  local  weather  conditions  (Kunkle,  1970;  Stephensen  and  Street, 
1978),  and  the  time  of  day  (Kunkle  and  Meiman,  1968).  Seasonal  patterns 
include  a spring  "flushing''  effect  during  the  rising  stage  (Kunkle  and  Meiman, 
1968),  with  high  counts  during  the  low  flow  summer  period,  counts  which  often 
continue  for  some  period  after  the  cattle  have  been  removed  from  the  area 
(Stephensen  and  Street,  1978).  This  seasonal  pattern  may  briefly  be  modified 
by  local  storms  which  produce  their  own  "flushing"  effect,  and  which  may  or 
may  not  be  followed  by  a short  term  dilution  period. 

The  concentrations  of  fecal  coliform  for  the  Lower  and  Upper  Muddy 
stations  for  the  study  period  are  presented  in  Table  8.  Higher  values 
occurred  during  the  grazing  season,  but  not  always  with  the  observed  presence 
of  livestock.  Maximum  fecal  coliform  levels  were  707  and  187  colonies/ 100  mis 
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Table 

/,  KangeH  In  Hyd rocbemica 1 

Parameters 

for  Muddy  Creek, 

, 1977 

- 1978 

\ 

Lower  ! 

Muddy 

Upper 

Muddy 

pH 

7.91  - 

8.52 

7.99 

- 8.52 

Alkalinity  (CaCO^)  (mg/l) 

194  - 

268 

173 

- 248 

Specific  Conductance  (umhos) 

605  - 

1625 

575 

- 1320 

Total 

Dissolved  Solids  (mg/l) 

393  - 

1060 

374 

- 858 

Ca 

(mg/l) 

67  - 

198 

43 

- 149 

Mg 

(mg/l) 

18  - 

46 

1 1 

- 31 

Na 

(mg/l) 

60  - 

175 

40 

- 108 

K 

(mg/l) 

8.9  - 

17 

4.8 

- 16 

HCO 

(mg/l) 

229  - 

326 

207 

- 302 

SO,  ^ 

(mg/l) 

130  - 

830 

88 

- 333 

NH 

(mg/l) 

< .01  - 

. 10 

< .01 

- .09 

NO^  + 

NO  - N (mg/l) 

< .01  - 

. 10 

< .01 

- .10 

PO,  (Ortho)  - P (mg/l) 

T - 

.089 

.010 

- .062 

% 


Table  8.  P’ecal  Coliforra  Counts  (colon  ies/ 100  mis)  for  Muddy  Creek, 
1977  - 1978. 


\ 

Lowe 

Creek 

r Muddy 
Station 

Upper 

Creek 

Muddy 

Station 

19  7 7 

1978 

1977 

1978 

April 

— 

— 

May 

1 

^ 1 

2 

5 

June 

170* 

169* 

32(?) 

37 

July 

2 

707 

187(?) 

11 

August 

10(?) 

100 

14* 

52 

September 

9 

356 

92(?) 

3 

October 

7 

10* 

November 

— 

^ 2(?) 

* 

(?) 


Stock  visually  present 
Stock  presence  uncertain 
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rcspcc  1 1 VC*  1 y for  «*ach  station.  Approximately  18  percent  of  the  sample 

coliforra  counts  at  the  Lower  Muddy  exceeded  the  200  colony/ 100  ml  limit  of 

\ 

the  Montana  Water  Quality  Criteria.  The  Upper  Muddy  station  had  no  exceptions 
Low  values  were  associated  with  the  spring  and  fall  seasons. 

Comments 

The  Muddy  Creek  basin  is  a unique  biogeochemical  watershed.  The  basin's 
south-southeasterly  orientation  along  with  its  topographic  character,  i.e. 
upland  tributary  basins  and  a broad,  smectite  clay  dominated,  open  valley 
strongly  influence  the  area's  hydrologic  regimes.  Within  the  basin, 

the  clays  also  dominate  the  hydrochemistry  of  the  stream  waters.  Super- 
imposed upon  these  patterns  are  the  direct  and  indirect  contributions  of 
livestock.  Because  of  the  limited  number  of  samples  taken  and  the  nature 
of  the  hydrochemical  parameters  sampled,  specific  relationships  between  water 
quality  characteristics  of  Muddy  Creek  and  the  Montana  Water  Quality 


Criteria  cannot  be  addressed. 
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